AIm: This study reports a technique for treating severe thoracolumbar fractures with single-stage decompression, reduction, reconstruction, and stabilization via an entirely posterior approach.
INTRODUCTION
Thoracic and lumbar fractures are the most common spinal injuries, constituting more than 50% of all spinal trauma (27). Nevertheless, fractures/dislocations of the thoracic and lumbar spine are rare, accounting for less than 3% of all spinal injuries (6). Few cases have been reported (32, 39, 42) . Severe spinal fracture/dislocation is defined as fracture combined with greater than 50% displacement of one vertebra in the coronal or sagittal plane (25). This form of trauma is even rarer and involves extremely unstable, complex lesions with canal compromise and neurological deficits. Typically, such injuries result from high-energy trauma and are combined with craniocerebral and abdominal visceral injuries. The ideal surgical strategy for thoracolumbar spinal fractures remains controversial, although the surgical techniques and instruments have been refined. Reported surgical approaches for fracture/dislocation include anterior, posterior, and combined approaches (37) . Recently, an exclusively posterior approach has gained recognition for reconstructing the anterior and middle columns in patients with spinal deformity, tumors, and trauma (19, 35, 44) .
This report presents our experience in the surgical treatment of 11 cases of severe traumatic thoracolumbar fracture/ dislocation in which the reduction, reconstruction, and stabilization were done in one stage via an entirely posterior approach. Other issues related to the management of this uncommon injury are discussed.
MATeRIAl and MeThODS
Between June 2006 and October 2009, 287 patients with thoracolumbar injuries were treated in our department. Of these, 11 patients with severe dislocation were included in this retrospective study (eight men, three women; average age 38.8 (range 21-55) years). The follow-up period averaged 20.7 (range [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] months.
Neurological deficits were assessed using the American Spinal Injury Association (ASIA) impairment scale. The details of changes in motor and sensory function were also recorded.
Pain was evaluated on a visual analogue scale (VAS).
Anteroposterior and lateral x-rays were taken of all patients pre-and postoperatively and at the last follow-up evaluation. Three-dimensional (3D) computed tomography (CT) or magnetic resonance imaging (MRI) was performed preoperatively. The vertebral body transition percentage was measured as recommended by the Spine Trauma Study Group (STSG) (14) . The local sagittal alignment was evaluated with the Cobb angle, also as recommended by the STSG (14) , with a negative value indicating lordotic or posterior transition and a positive value indicating kyphotic or anterior transition. Reconstruction stability was defined by the absence of progressive kyphosis, loss of deformity correction, hardware failure, screw loosening, and local pain related to position changes.
Surgical technique
Each patient was positioned prone and a long midline incision was made to expose two levels above and below the fracture/ dislocation level. Pedicle screws were placed bilaterally at these four vertebrae. A laminectomy was performed carefully, centered at the affected level to expose the dura widely. With the dura in direct view, the facet joint was removed, revealing the nerve root and eliminating it as an obstacle to reduction. Two short rods were placed on one side of the spine and each was used to temporarily connect the spinal anchors separately at the two levels above and below the trauma. Using a rod holder to hold each rod, a distractor instrument straddling the rods and contacting the rod holder was applied to separate both rods longitudinally. At the same time, the protruded disc and bone fragments compressing the dura anteriorly were exposed and removed from the other side, to prevent them from exacerbating the neurological injury during further reduction manipulation. Then, the rod holders were used to correct the coronal or sagittal plane translation while distraction was applied continuously. A long rod was positioned on the opposite side to achieve adequate spinal alignment, and the two short rods were replaced with a single long rod. The anterior reconstruction method depended on whether the affected vertebral body was intact. If the end plate of the adjacent vertebra at the dislocation level was essentially intact, a cancellous bone graft or Harms cage filled with autograft was implanted for interbody fusion, similar to the transforaminal lumbar interbody fusion (TLIF) technique. Otherwise, a subtotal corpectomy of the fractured vertebral body was performed and the vertebral body was replaced with an appropriately sized Harms cage packed with corpectomy bone. Additional posterolateral fusion was performed with autogenous bone grafts if available. For sagittal dislocations producing a step between the proximal and distal vertebrae at the dislocation after longitudinal compression and screw fixation, in situ contouring was used to eliminate this step. Finally, two transverse connectors were located proximal and distal to the constructs separately.
Statistical analysis
The data were analyzed using the paired t-test and nonparametric Wilcoxon test with the SPSS software (ver. 15.0; SPSS Inc., Chicago, IL, USA). The significance level was set at p < 0.05 for all analyses.
ReSUlTS
The cohort comprised 11 cases of severe traumatic thoracolumbar fracture/dislocation. The causes of injury were falls (seven patients), vehicular accidents (two patients), an overbreak (one patient), and a crash (one patient). The patients were divided into two groups according to the distribution of fracture/dislocation levels. The thoracic/thoracolumbar group included seven cases (three T11/12, one T12/L1, one T8/9, and two L1/2) and the lumbar group included four cases (three L3/4 and one L4/5). Based on the displacement type, two patients presented with primarily coronal displacement (51.2-52.7%) and nine patients with primarily sagittal displacement (six anterior and three posterior; 14.1-100%; Table I ).
All patients underwent surgery as soon as their vital signs were stable. The mean interval between injury and operation was 3.8 (range 2-8) days. The average operating time was 280 (range 226-350) min, and the mean blood loss was 1863 (range 800-3600) mL.
Neurological deficits were detected in all patients. No neurological deterioration was observed postoperatively. Eight patients showed no improvement in neurological function during follow-up, whereas three patients experienced minor improvement of less than one ASIA grade, which presented as relieved numbness and partial muscle strength improvement. Two-plane displacement was found in five cases in the thoracic/thoracolumbar group and in only two cases in the lumbar group. In the respective groups, coronal displacement was corrected from 24.3% (range 0-52.70%) and 9% (range 0-23.2%) preoperatively to 5.6% (range 0-23.1%) and 1.5% (range 0-5.8%) postoperatively, and maintained at 5.6% (range 0-21.4%) and 1.3% (range 0-5.1%) at the last follow-up evaluation. Sagittal displacement was reduced from 73% (range 14.1-100%) and 82.5% (range 53.1-100%) preoperatively to 2.7% (range 0-18.7%) and 3.9% (range 0-15.6%) postoperatively and 2.4% (range 0-16.8%) and 2.9 (range 0-11.6%) at the last follow-up evaluation. The preoperative Cobb angle at the injured level was 25.9 ± 13.7° in the thoracic/thoracolumbar group; the kyphotic deformity was reduced to 5.6 ± 9.6° postoperatively and 6.5 ± 10° at the last follow-up evaluation. In the lumbar group, the lordotic angle at the injured level was restored from -0.8 ± 10.6° to -20.5 ± 6.6° postoperatively and -18.9 ± 5.1° at the last followup evaluation. The pre-and postoperative values differed significantly (p < 0.05), whereas no significant difference was observed between the values postoperatively and at the last follow-up evaluation (p > 0.05; Table II ).
Seven patients also suffered from associated injuries, including rib fracture, hemo-/pneumothorax, calcaneus fracture, femur fracture, and soft-tissue trauma. Chest drains for hemo-/pneumothorax were inserted in three patients and kept in place until the completion of spine stabilization. The other associated injuries were operated on after the spine surgery if necessary. In this series, nine patients had uneventful postoperative recoveries with no obvious complication. Two patients suffered from cerebrospinal fluid (CSF) leakage because of severe dural lacerations caused by their injuries. Both were cured with conservative treatment. The average preoperative VAS score was 8.1. No patient complained of local pain at the last follow-up evaluation. The reconstruction was stable in all patients. No implant-related complication requiring revision was observed at the last follow-up visit.
DISCUSSION
Annually, approximately 160,000 patients sustain spinal column injuries in the United States. The majority are thoracolumbar injuries, which result from traffic accidents, falls, and extreme sports activities (2). Less than 3% involve fracture/dislocation injuries (7) and fracture with severe dislocation is even rarer, with only a few reported cases, most of which are lumbosacral (L5/S1). Thoracolumbar involvement is extremely rare (38, 40, 43) .
Traumatic fracture/dislocation is a high-energy trauma, and 80% of patients with thoracic fractures/dislocations have complete paralysis (33) . As thoracolumbar fracture/ dislocation is usually associated with chest and visceral injuries requiring surgical treatment, a delayed diagnosis should be avoided. The incidence of non-spinal injuries in poly-trauma patients is about 38% (11) . In our series, 54.5% (n = 6) of patients suffered from associated non-spinal trauma, making a thorough evaluation of these patients paramount.
A proper radiographic evaluation algorithm helps not only to prevent a delayed diagnosis, which is not uncommon in poly-trauma patients, but also to optimize the treatment strategy. We use CT as the screening tool of choice for polytrauma patients who require a scan of the entire spine to detect noncontiguous fractures (11, 12) . This modality will also detect injuries of the chest, abdomen, pelvis, and spine in a single scan. 3D-CT with sagittal and coronal reconstruction can provide a detailed depiction of the fracture morphology, position of the displaced vertebra or fragments, degree of canal stenosis, and bone structures potentially interfering with reduction. MRI is helpful for ruling out chronic fractures, evaluating the degree and extent of spinal cord compression and contusion, and predicting the prognosis (40) . The inferior vena cava and aorta both cling to the spine, and severe fracture/dislocation can damage these vital vessels. Aortic disruption has been reported after high-energy trauma (13) . A thorough literature search found that vascular injury concomitant with thoracolumbar fracture/dislocation was rare (8, 20) , and we have seen no such case. We perform ultrasound and dynamic plasma d-dimer testing in all cases to exclude vascular injury and preoperative deep venous thrombosis (DVT). A hypercoagulable state can develop within a few hours of spinal cord injury (29). Compared with angiography (32,42), our modality is economical and practical for perioperative monitoring. D-dimer is useful for detecting aortic dissection, aortic aneurysms, and DVT (34, 9, 16) . Since all of our patients had paraplegia and indirect interference with the great vessels during reduction manipulation, postoperative pharmacologic thromboprophylaxis was prescribed for 3 months (28).
According to the Thoracolumbar Injury Classification and Severity Score (TLICS) (36) , the destruction of the posterior ligament complex and vertebral slippage make traumatic fracture/dislocation the most unstable spinal injury, almost inevitably associated with paraplegia and requiring operative treatment. No consensus has been reached on the optimal timing of spinal stabilization. We prefer early definitive surgery, as the patients were stable, as indicated by their normal hemodynamics, body temperature, coagulation system, and lung function. Given the neurological status in severe thoracolumbar fracture/dislocation, surgical treatment has two roles: affording a stable mechanical environment and restoring CSF flow for potential neurological recovery by correcting the spinal malalignment, decompressing the canal, and gaining long-term stability with instrumentation and spinal fusion.
patients were transferred from other hospitals more than 72 h after injury. We observed no surgery-related complication, indicating that early surgery does not increase the risk of mortality and morbidity in severe thoracolumbar fracture/ dislocation. 
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thought to afford better decompression under direct vision, superior biomechanical stability with anterior column support and reconstruction, and a limited number of mobile segments included in the fusion compared with the posterior approach alone. However, the combined approach has a higher risk of intra-and postoperative complications, more blood loss, longer operating time, and greater costs than the posterior Thoracolumbar fracture/dislocation produces the worst biomechanical conditions, which place the highest demands on stable reconstruction with internal fixation. Severe spine malalignment in two planes is difficult to restore and maintain via single anterior fixation and fusion. Therefore, the surgical approach of choice includes posterior and combined approaches (37) . Traditionally, combined approaches were 
Multiple anchorages also shared the force, preventing pedicle screw pullout during the reduction maneuver. To achieve anterior reconstruction, titanium mesh was inserted in one case through a posterior approach; the key technical point is to prepare mesh shorter than the original intervertebral space and compress and shorten the space after positioning the mesh. Consequently, the direct contact between the autograft-filled mesh and healthy surface of bleeding bone of the upper and lower vertebra and the surrounding remnants of the fractured vertebra affords biologically favorable conditions for rapid, solid fusion. We obtained stable biomechanical reconstruction in our patients with severe fractures/dislocations with long-segment posterior fixation. In our series, 10 patients presented with ASIA grade A neurological impairment and one patient with ASIA grade B. Three patients improved postoperatively, by less than one grade in sensation or movement. Nevertheless, early surgical decompression, reduction, and stabilization of the extremely unstable fracture/dislocation allow the early initiation of rehabilitation and the establishment of an amicable local environment for preventing secondary spinal cord injury. This is a good basis for future spinal cord regeneration therapy, such as stem cell transplantation.
CONClUSIONS
Traumatic thoracolumbar fractures with severe dislocations were treated successfully using a single-stage procedure with circumferential decompression, reduction, anterior column reconstruction, and multisegmental fixation with pedicle screw/rod instrumentation through a posterior approach alone. The absence of the risks related to the anterior approach, fewer complications in our series, maintenance of deformity correction, and stable local mechanical reconstruction observed at the latest follow-up evaluation support this single-approach strategy. (10) introduced the three-column reconstruction technique via a posterior approach alone in unstable thoracolumbar fractures, in which the fractured vertebra was resected subtotally and the anterior column restored with a mesh cage. Local mechanical stability was confirmed in all patients after an average 2-year follow-up period. In this series, anterior reconstruction was performed with the TLIF technique in 10 cases that had relatively complete endplates at the fracture/dislocation level or a mild compressed fracture (<1/3 body height collapse) of the vertebra adjacent to the fracture/dislocation. In one case with significant impairment of the anterior column that presented with a comminuted split fracture and fragment displacement, we chose a partial corpectomy and implanted an autograft-filled mesh cage for anterior column reconstruction. In our experience, anterior reconstruction through a posterior approach was convenient and timesaving, because the spinal canal was decompressed anteriorly as a precondition for a safe reduction. After reduction and temporary fixation, we could rapidly prepare for anterior reconstruction. This is another reason why we prefer the posterior approach alone, rather than a combined approach.
Long-segment posterior constructs serve well in thoracic and thoracolumbar burst fractures biomechanically, whereas short-segment fixation combined with anterior fixation is advocated in unstable lumbar fractures, offering the advantage of maintaining more mobile lumbar segments (17, 23) . In this series, we normally fixed the affected level at two levels above and below it and mounted two cross-link connectors at the proximal and distal ends. We choose longsegment posterior fixation for two reasons. First, using the loading-share score of McCormack et al. (22) , all 11 patients had scores > 7 and the use of long constructs with anterior support is the optimal choice for adequate stability (1). Second, long constructs afford a long lever arm for reduction, which is especially important in coronal plane realignment.
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